A study was conducted to determine the chemical composition and the antibacterial activity of essential oils from Bocageopsis multiflora (Mart.) R.E. Fr., Ephedranthus amazonicus R.E. Fr., Guatteria blepharophylla Mart. and Xylopia aromatica (Lam.) Mart . The essential oils were obtained from the leaves by hydrodistillation and analyzed by GC-FID and GC-MS. The chromatograms showed the predominance of sesquiterpenoids. Spathulenol was the major constituent of oils of B. multiflora (20.3%), X. aromatica (21.5%) and E. amazonicus (16.9%); followed by caryophyllene oxide of G. blepharophylla (55.7%). Other constituents with significant percentages were the sesquiterpenes β-bisabolene (11.9%) in the samples oil of B. multiflora, humulene epoxide II (16.3%) of E. amazonicus, the monoterpenes trans-pinocarveol (10.2%) and dihydrocarveol (11.6%) of X. aromatica. The essential oils of X. aromatica and G. blepharophylla showed strong activity against Gram-positive bacteria Streptococcus sanguinis by microdilution method. The antimicrobial activity against Staphylococcus aureus also was detected by G. blepharophylla essential oil.
Several members of the Annonaceae family are used in folk medicine to treat various diseases. In the Amazon, three species have been identified for their frequent use: the fruit juice of Annona muricata L. is used as antipyretic, diuretic and to insomnia; the infusion of leaves from A. tenuiflora Mart., is used against headaches, vertigo and hypotension, and the decoction of the bark from Xylopia cf. frutencens Aubl. can be inhaled to combat influenza [1] . Many essential oils of Annonaceae have antiprotozoal [2, 3] , antimicrobial [3] , anti-inflammatory, cytotoxic [4] and antinociceptive [5] effects. These considerations confirm the importance of chemical and biological investigations of essential oils of species this family as a source of bioactive compounds. Some species have commercial importance like the essential oils from Cananga odorata Hook var. macrophylla (cananga oil) and Cananga odorata Hook var. genuina (ylang-ylang oil) that are used in perfumery [6] [7] [8] .
Caryophyllene oxide and spathulenol have been reported as predominant oxygenated sesquiterpenes in essential oils from leaves of Annonaceae: spathulenol in Anaxagorea sp. [9] and Guatteria sp. [10] [11] [12] , caryophyllene oxide in Guatteriopsis sp. [11, 13] . Sesquiterpenes hydrocarbons also common in the leaves essential oils are bicyclogermacrene present in Annona sp. [14, 15] , Duguetia sp. [16] and Xylopia sp. [17, 18] ; germacrene D and β-caryophyllene present in Annona sp. [9] , Desmos sp. [19] and Xylopia sp. [17] , germacrene B and β-caryophyllene in Cleistopholis sp. [20] , β-caryophyllene, bicyclogermacrene and α-bergamotene in Fissistigma sp [21] . In this study, we present the chemical compositions and antimicrobial activity of the leaves essential oils of four species of Annonaceae growing in a biological reserve of the Amazon State, Brazil: Bocageopsis multiflora (Mart.) R.E. Fr., Ephedranthus amazonicus R.E. Fr., Guatteria blepharophylla Mart.
and Xylopia aromatica (Lam.) Mart. No previous investigations on antibacterial activity for the essential oils composition these species.
The chemical profile of the essential oil obtained from leaves of B. multiflora, E. amazonicus and G. blepharophylla revealed a high proportion of sesquiterpenes ( Table 1 ). The main constituents found in the oil of B. multiflora were spathulenol (20.3±0.0%) and β-bisabolene (11.9±0.2%). Oliveira et al. [22] showed the predominance of these compounds (spathulenol 13.0%; β-bisabolene 13.2%) in the essential oil of leaves of the same species collected in the Adolpho Ducke Forest Reserve (Manaus-AM) during the rainy season. The chemical profile of the essential oil of E. amazonicus showed a high proportion of oxygenated sesquiterpenes (74.2%) with predominance of spathulenol (16.9±0.0%), humulene epoxide II (16.3±0.3%) and caryophyllene oxide (11.5±0.1%). Previous studies with species collected in Amazon, detected cinnamic acid derivatives as main compounds [23] . The G. blepharophylla essential oil composition consisted mainly of sesquiterpenes (<95%) with high content of caryophyllene oxide (55.7±0.1%), monoterpenes were not detected this oil. The essential oils with high content of caryophyllene oxide (51-70%) have been reported in G. blepharophylla growing in different places in the Amazon [11, 24] . The chemical constituents found in the essential oil of X. aromatica were 54.5% monoterpenes and 44.1% sesquiterpenes, in which the main constituents were trans-pinocarveol (10.2±0.2%), dihydrocarveol (11.6±0.1%) and spathulenol (21.5±0.1%).The chemical profile of this oil consisting of high proportion of monoterpenes differs from the essential oils composition of the specimen collected at Pará State which showed predominantly sesquiterpenes [25] . High concentrations of spathulenol and caryophyllene oxide are common in these genera. The essential oils effect on the growth of Gram-positive and Gramnegative bacteria is presented in Table 2 . Several mechanisms have been proposed to explain the antimicrobial activity of essential oils [26] . Our results indicate that the antibacterial activity against S. sanguinis (MIC=0.02 mg.mL -1 ) may be due to the level of oxygenated monoterpenes and sesquiterpenes in the essential oils from X .aromatica and G. blepharophylla, respectively suggesting that minor oxygenated compounds contributed for the antimicrobial activity of essential oils. The high content of caryophyllene oxide presented an important effect against E. faecalis (MIC=0.05 mg.mL -1 ).Other interesting MIC value (0.09 mg.mL -1 ) was registered by B. multiflora and E. amazonicus oils against E. faecalis) and S. aureus, respectively. The hydrophilic outer membrane of Gram-negative bacteria could explain these results. Generally, these are more resistant to essential oils than Grampositive bacteria.The structure of the Gram-positive bacteria cell wall allows hydrophobic molecules to easily penetrate the cells and act on both the cell wall and within the cytoplasm [27] .
The MICs observed for the essential oils were weak compared to the positive control. However, chlorhexidine a positively charged hydrophobic and lipophilic molecule that rapidly penetrates in the bacterial cell wall due to its interaction with phospholipids and lipopolysacharides [28] . It pursues a wide antimicrobial spectrum and, as aqueous solution, it is specially effective against C. albicans [29] .Thus, a comparison between chlorhexidine digluconate (CHX), a pure molecule and essential oils which are a pool of different hydrophobic chemical constituents is not a simple task. The use of CHX in this study was due to its application as a biocide that exerts its effect at multiple sites in microbial cells [30] , and from this point of view, comparable to the variety of compounds found in the essential oils.
Guatteria blepharophylla and Xylopia aromatica essential oils showed a potentially relevant result that should be taken in consideration for further investigations of the single compounds and their effects on microorganisms. Further investigations are needed to confirm the potential of these essential oils as useful bioactive agents for in vivo applications.
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Each essential oil was analyzed in triplicate in GC-FID and GC-MS. The retention indices were calculated in relation to the elution times of essential oil substances and a series of linear hydrocarbons (C9-C22), co-injected with the sample in GC-FID. The constituents were identified with the data set of retention indices and mass spectra compared with the literature data [31] and NIST 12, NIST 62 and WILEY 139 databank. The antibacterial activity was evaluated by determining the minimum inhibitory concentration (MIC) on 96-well culture plates by a microdilution method. Dilutions were carried out starting from a solution in the concentration of 20 mg.mL -1 in 10% DMSO. Test solutions were sterilized and placed in the wells that were inoculated with a microbial suspension at a density of 10 8 cells.mL -1 . The plates were incubated at 35±2°C for 21 h. A metabolic test was performed by adding 10 µL of resazurin (1%), followed by further incubation for 3 hours. A solution of chlorhexidine digluconate (2%) served as positive control and the negative control was the same solution of DMSO 10% used to solubilize the essential oils. The samples were tested in triplicate. Resazurin was used as an indicator of bacterial growth. 
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